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Synopsis 
I 
SYNOPSIS 
The thesis entitled “Synthetic studies on (-)-Bulgecinine, Palmerolide A and 
development of new methodologies” has been divided into three chapters. 
Chapter-I: This chapter deals with the stereoselective synthesis of (-)-bulgecinine 
hydrochloride and its C-2 epimer. 
Chapter-II: This chapter describes the synthesis of C1-C14 fragment of Palmerolide 
A. 
Chapter –III:  This chapter deals the development of new methodologies, which is 
further divided into two sections. 
Section A: This section describes the new synthesis of flavanones catalyzed by  
                    L-Proline. 
Section B: This section deals with the one-pot synthesis of 2-aryl-2, 3-dihydroquinolin-
4(1H)-ones catalyzed by L-Proline. 
Chapter-I:  This chapter deals with the stereoselective synthesis of (-)-bulgecinine 
hydrochloride and its C-2 epimer. 
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Bulgecinine (4) an amino acid constituent of naturally occurring antibiotic glycopeptides 
called bulgecins (1, 2, 3), isolated from Pseudomonas acidophila and Pseudomonas 
mesoacidophila. Bulgecins although devoid of antibacterial activity, induce characteristic 
morphological change called bulge formation in the cell wall of Gram-negative bacteria 
in co-operation with β-lactam antibiotics. As a result of bulge formation, the activity of 
these antibiotics was effectively enhanced and the bacteria are killed at lower β-lactam 
concentrations. The structure of the (-)-bulgecinine (4) had been determined chemically 
and crystalographycally to be (2S, 4S, 5R)-4-hydroxy-5-hydroxymethyl proline. 
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Scheme 1: 
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 Our retro synthetic analysis (Scheme 1) of (-)-bulgecinine hydrochloride revealed two 
fragments 13 and 17. Fragment 13 was prepared from commercially available L-ascorbic 
acid and fragment 17 was synthesized from Glycine. 
The 5, 6-diol of L-ascorbic acid 7 was easily protected as acetonoide 8 (Scheme 2). The 
enone moiety in acetonoide 8 was cleaved using H2O2, K2CO3 to afford potassium salt 9, 
which on treatment with ethylbromide in acetonitrile at reflux conditions afforded 
(2R,3S)-hydroxy ester 10. 
Benzylation of 10 with benzyl bromide, silver oxide in boiling ether in the presence of 
catalytic amount of Bu4NI yielded O-Benzyl ester 11 in 80% yield. The reduction of 11 
with LiAlH4 in THF at 0 oC furnished the alcohol 12 in 95% yield. The alcohol 12 was 
subjected to oxidation to give its aldehyde 13 using iodoxy benzoic acid.  
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Scheme 2 
The compound 17 (Horner Phosphonate) was synthesized from readily available Glycine 
aminoacid. Glycine was converted into 15 using acetylchloride in ethanol under reflux 
condition followed by treatment with triethylamine and (Boc)2O to  afford compound 15 
Synopsis 
IV 
in 85% yield. The compound 15 was treated with NBS, AIBN in CCl4 at 75 0C for 10 
min., to produce compound 16 in 80% yield. The bromo compound 16 was quickly 
treated with triethylphosphite in methylenechloride under reflux conditions to get 
fragment 17 in 85% yield (Scheme 3). 
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Scheme 3: 
The key compound α-benzyloxy aldehyde 13 was further subjected to Wittigs-Horner 
reaction with the phosphate salt 17 in the presence of KOBut as a base at -70 oC, to give 
compound 18 as an inseparable mixture (6:4 ratio Z/E). We attempted to synthesize the 
pure geometrical isomer of 18 using various conditions but were unsuccessful. 
The inseparable mixture of compound 18 was subjected to controlled hydrogenation 
conditions using different solvents, such as ethanol (low yield and selectivity), 
methylenechloride (2:1 ratio of 19 and 19a in 60% yield) and ethyl acetate (4:1 ratio of 
19 and 19a in 74% yield). Based on these results, we carried out the hydrogenation of 
compound 18 in ethyl acetate and obtained a mixture, which was easily separable by 
silica column chromatography. The diastereomers were independently carried forward for 
the synthesis of (2S, 4S, 5R) and (2R, 4S, 5R)-(-)-bulgecinine hydrochloride 
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Scheme 4 
Diastereomer 19 on exposure to pyridinium para toluene sulfonate (PPTS) in ethanol 
furnished diol 20 in 80% yield, which on selective protection of the primary hydroxyl 
group with TBDMSCl and imidazole as base on methylene chloride afforded 21 in 96% 
yield. The secondary alcohol in 21 was mesylated, which on deblocking the tert-butyl 
carbonate group using 15% triflouroaceticacid in methylene chloride followed by 
basification with NaHCO3 provided the pyrrolidine scaffold 22 in 63% yield (for two 
steps) (Scheme 5). The structure and stereochemistry of compound 22 was assigned by 
one-dimensional 1H, 13C experiments and two-dimensional DQCOSY, NOESY 
experiments.  
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Scheme 5: 
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Unmasking the hydroxyl protecting groups in 22 was achieved on reaction with Pd-C/H2 
followed by treatment with 6N HCl at 100 oC to release (2S, 4S, 5R)-(-)-bulgecinine 
hydrochloride 6.  
The minor isomer 19a under a series of similar reactions furnished diastereomer (2R, 4S, 
5R) - (-)-bulgecinine 6a. 
In conclusion, a practical synthesis of natural (-)-bulgecinine and its C-2 epimer was 
synthesized from commercially available L-ascorbic acid using standard laboratory 
chemicals. This route is amicable to scale-up and analogue synthesis. 
Chapter-II:  This chapter describes the synthesis of C1-C14 fragment of 
Palmerolide A. 
A unique natural product termed palmerolide A was recently isolated from the Antarctic 
marine tunicate Synoicum adareanum by Baker and co-workers.  Inspection of the 
proposed 24 and revised 24a structure of palmerolide A reveals a 20-membered 
macroloid, and enamide-containing side chain 7 olefinic bonds (3 of which are 
trisubstituted), and carbamate moiety.  Palmerolide is a differential cytotoxin with an 
active profile that correlates to V-ATPase inhibitors. Subsequent in vitro studies 
confirmed that palmerolide A is indeed a potent inhibitor of bovine brain V-ATPase (IC50 
= 2 nM). 
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24: Originally proposed structure of Palmerolide A (7R, 10R, 11R, 19R, 20R) 
 
Our retro synthetic analysis (Scheme 6) of revised structure of Palmerolide A revealed 
two fragments 25 and 26. Fragment 27 was prepared through the application of an 
Synopsis 
asymmetric dihydroxylation on diene ester 30. This in turn could be obtained by 
deoxygenative rearrangement of alkynol 35, which was further synthesized from 
commercially available Pentane diol. 
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24a: revised structure of Palmerolide A (7S, 10S, 11S, 19R, 20R) 
Pentane diol 31 was subjected to monobenzyl ether 33 using sodium hydride, benzyl 
bromide in 80% yield. The compound 33 was treated with iodoxybenzoic acid to furnish 
the aldehyde 34, which was exposed to lithiated ethylpropiolate to realize the formation 
of hydroxyl alkynoate 35 in 90% yield. The critical diene ester intermediate 30 has been, 
obtained from hydroxy alkynoate 35 by triphenylphosphine mediated deoxygenative 
rearrangement via allene. This rearrangement allowed us to obtain the diene ester ready 
for the incorporation of stereo selective hydroxyl groups via Sharpless asymmetric 
dihyroxylation (Scheme 7). 
The enantio and regioselective Sharpless asymmetric dihydroxylation of diene ester 30 
with Admix-α, in tBuOH : H2O (1:1) provided the diol 36 which was masked as its 
acetonide 37 using 2,2-dimethoxy propane and catalytic Camphorsulfonicacid (CSA) in 
85% yield (for two steps) with 96% de. The compound 37 was converted into 
corresponding allylic alcohol 38 using DIBAL-H in 90% yield. This allyl alcohol was  
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Scheme 7: 
 treated with IBX to furnish α,β-unsaturated aldehyde 28, which was immediately 
exposed to magenesium, homo allylbromide  to realize the formation of allylic alcohol 
39, which was obtained as an insepearable mixture in 90% yield (for two steps). Allyl 
alcohol 39 was converted into α, β-unsaturated ketone 40 using IBX in 85% yield (for 
two steps). 
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The α,β-unsaturated ketone 40 was treated with R-CBS catalyst and BH3.DMS at -40 0 C 
to furnish the allylic alcohol with ‘S’ configuration in 90% yield with 97% de. This was 
protected as its TBDMS ether 42 using TBDMSCl, imidazole as a base in 95% yield. The 
diene compound 42 was hydroborated 1o alcohol  using hydroboration reaction with 9-
BBN in THF followed by basicification using 20% NaOH soln., and 30% H2O2 gave 
compound 43 in 82% yield. The alcohol 43 was oxidized using Iodoxybenzoicacid to 
furnished the aldehyde 44 which was immediately exposed to the stable ylide, 
methoxycarbonylmethylene triphenylphosphorane to furnish the target α,β-unsaturated 
ester 27 in 93% yield  (for two steps)  (Scheme 9). 
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Scheme 9: 
All these transformations completed the stereoselective synthesis of C1-C14 segment of 
Palmerolide A. The synthesis involves easily executable synthetic transformations and 
highly predictable stereoselectivity. 
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Chapter –III:  This chapter deals with the development of new methodologies, which 
is further divided into two sections. 
Section A: This section describes the new synthesis of flavanones catalyzed by L-
Proline. 
Section B:  This section deals with the one-pot synthesis of 2-aryl-2,3-dihydroquinolin-
4(1H)-ones catalyzed by L-Proline. 
 
Introduction to L-Proline as organo catalyst: 
Asymmetric organocatalysis can be considered as a powerful tool for synthetic 
challenges because it involves mild reaction conditions and few protection/deprotection 
steps. The most commonly used organocatalyst for various asymmetric reactions is L-
proline, which is one of the essential amino acids.  
 
 
 
The application of enantiomerically pure ‘small organic molecules represents a promising 
alternative catalytic concept in addition to other frequently used synthesis based on metal 
containing catalysts. These organic catalysts not only function like an enzyme, but also 
with respect to technical application they show the following characteristics. 
N
H
CO2H Bronsted acid
Lewis base
i) Nontoxic, inexpensive (if possible directly accessible without derivatization 
from the chiral pool) and readily available in both enantiomeric forms. 
ii) These reactions do not require inert conditions and are run at room 
temperature. 
iii)  Easy separation from the product. 
iv) Low molecular weight. 
v) Easy recovery after workup without racemization. 
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Section A: This section describes the new synthesis of flavanones catalyzed by L-
Proline. 
There is resurgence in research activity in the flavanoid class of molecules due to 
excellent biological profiles reported in the recent times. This class of New Chemical 
Entities show biological potential for cancer, AIDS, bacterial and inflammatory diseases. 
The methodology most widely used to prepare flavanones involves the isomerization of 
appropriately substituted 2-hydroxy chalcones, in turn obtained by aldol condensation 
reaction between a 2-hydroxy acetophenone and an aldehyde. As part of an exploration of 
the possibility of utilizing L-proline as organocatalyst for aldol and related reactions, 
herein we disclose synthesis of flavanones from aryl aldehydes and substituted 2-hydroxy 
acetophenones in one step. Also the synthesis of spiroflavanones was achieved from 
ketones and substituted 2-hydroxyacetophenones in the presence of L-proline (30 mol %) 
in DMF as solvent 
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Scheme 10: 
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Table 1: L-Proline catalysed synthesis of flavanonesa
Entry R' R R"
1 H H
2 Cl CH3
MeO
3 H OCH3
4 H H Cl
5
6
H H
7
Cl CH3 MeO
8
H OCH3 MeO
9
Cl CH3 MeO
MeO
10
11
H H CH3
12
H H N OMe
H
N OMe
H H
N
Ratio of flavanone(a)/
       chalcone (b)
7/3
7/3
7/3
8/2
7/3
7/3
6/4
7/3
7/3
6/4
6/4
7/3
70
68
65
72
60
63
65
62
64
63c
61c
65c
combined Yield (%)b 
a All the compounds were characterised by 1H NMR and mass spectral data
b Isolated yields after column chromatography.
(
(
(
OCH3
c The optical purity of products was found to be less than 5%ee and was not
checked for other products.
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Various substituted aromatic aldehydes were reacted with substituted o-
hydroxyacetophenones to give the corresponding flavanones in good yields. We have 
successfully demonstrated the syntheisis of substituted flavanones in Table 1 and 
spiroflavanones in Table 2. 
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Entry R' R Ketone Flavanone
13 H H
N
O
O
(%)a
14 H H N
O
15 H H
N
O
16 H OCH3
N
O
CH3Cl
96
80b
93
95
92
a Isolated yields after column chromatography
b Reaction carriedout for 20 hrs.
Table 2. Synthesis of spiroflavanones
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Section B:  This section deals with the one-pot synthesis of 2-aryl-2,3-
dihydroquinolin-4(1H)-ones catalyzed by L-Proline. 
2-Substituted dihydroquinolinones have important role in medicinal chemistry as New 
Chemical Entities and also serve as building blocks for creating further diversity in SAR 
studies in various therapeutic areas, in anti-inflammatory, antioxidant and antitumor 
therapies. Generally, synthesis of these compounds is carried out using acid or base- 
catalyzed isomerization of substituted 2-aminochalcones. We have achieved a one step 
synthesis of these compounds.  The o-aminoacetophenone and benzaldehyde in 
equimolar quantities were stirred together in the presence of L-proline (30 mol%) and 
methanol (5 mL). The usual work-up furnished 2-phenyl-2, 3-dihydroquinolin-4 (1H)-
one in over 80% yield.  
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Scheme 12 
Various substituted benzaldehydes were reacted with o-aminoacetophenone to give the 
corresponding 2-phenyl-2, 3-dihydroquinolin-4 (1H)-ones in good yields. We have 
successfully demonstrated the syntheisis of substituted 2-phenyl-2, 3-dihydroquinolin-4 
(1H)-ones in Table 3. 
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Table 3:  L-Proline-catalyzed synthesis of 2-aryl-2,3-dihydroquinolin-4(1H)-onesa
a All the compounds were characterized by 1H NMR, NMR, IR and mass spectral data
 b Isolated yields after column chromatography.
c The optical purity of products were found to be less than 10% ee and was not checked
   for other products
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
